Challenge strains and (capsular type)
is, 0.5 ml contained 30 units of protective activity against challenge infection with the Smith diffuse strain, but there was no protection against the strain NS58D even when undiluted. To 0.5-ml samples of this serum, diluted to contain 4 units of protective activity per ml, was added 0.5 ml of saline containing 0.3,O-15,O-07 or 0.03 ml of rabbit anti-human whole serum, or rabbit anti-human (IgG, IgA or IgM) serum (Hyland), or 1O00, 500, 250, 125 or 62.5 pg of Smith surface antigen (SSA) prepared by the method of Morse (1962) . Additionally, 0.6 and 1.2 ml of the anti-human sera were added to equal volumes of the human serum containing 4 units of protective activity per ml. These mixtures were incubated at 37°C for 2 h and 0-5-ml volumes of the supernatants, obtained after centrifugation at 6000 g for 15 min., were injected intraperitoneally into a mouse, in groups of five. After 30 min. the mice, and a control untreated group, were challenged with los c.f.u. of Smith diffuse strain, and deaths were recorded for one month.
Number of sera found protective undiluted diluted 1 in 10
RESULTS

Frequency of protective activity in human sera
Of 100 human sera tested, 64 protected mice against challenge with S. aureus (table I). Of the 64 active sera, 60 protected against the Smith diffuse strain, 3 against strain NS58D, and one protected against both. Of the 60 sera that protected against challenge with the Smith diffuse strain, five were active at a dilution of 1 in 10, and one was active at 1 in 30 and was considered to possess 30 units of protective activity per 0.5 ml. No serum sample was active at a dilution of 1 in 10 against strain NS58D. Treatment of protective human sera with rabbit anti-human immunoglobulin sera or 2-mercaptoethanol
The human serum protective against the Smith strain, diluted to contain 4 units of protective activity per 0.5 ml, was incubated with various volumes of rabbit anti-human immunoglobulin sera (anti-whole serum, anti-IgG, IgA or IgM), and the supernatant fluids obtained by centrifugation were examined for their protective effect as described in Methods. In these experiments (table 11) each rabbit anti-human serum was found capable of removing the protective activity from the human serum, suggesting that each immunoglobulin class was associated with protection. Treatment with 2-mercaptoethanol also removed activity, indicating the importance of IgM antibody. 
Absorption of protective sera by Smith surface antigen
The protective effect of human serum against the Smith strain could be completely removed by absorption with SSA (table 111). In this experiment, 500 pg of the SSA was the smallest amount that completely removed activity from 0.5 ml of a dilution of the serum containing, before absorption, 4 units of activity per ml.
The concentrations of IgG, IgA and IgM were measured in a protective serum (m) and a non-protective serum (n) before and after absorption with 500 pg of SSA. The results ( contained more specific anti-SSA antibody than the non-protective serum: 7-fold more IgG, 2-7-fold more IgA, and 3-fold more IgM antibody. The protective serum therefore contained antibody to SSA in the three immunoglobulin classes. Rogers (1962) and Koenig, Melly and Rogers (1962) suggested that some strains of S. aweus growing in the tissues of infected animals elaborate an anti-phagocytic surface antigen similar to the "Smith surface antigen" described by Morse (1962) , but lost this capacity when cultured in artificial media. Fisher (1961) reported the frequent occurrence in human serum of antibody that passively protected mice against a fatal challenge dose of Smith diffuse strain; of 100 human sera tested 53 were protective. Fisher further showed that absorption of the human sera with heat killed Smith diffuse organisms removed the mouse protective antibody. The occurence of serologically distinct capsular types was demonstrated by Yoshida (1971 Yoshida ( , 1972a who found, by the serum-soft-agar technique, four serologically different capsular types among encapsul'ated strains of S. aureus, and that protection appeared to be capsular-type specific. Yoshida et al. (1 975) later demonstrated that heatkilled compact-type strains of S. aureus induced protection in mice against a challenge with the Smith diffuse strain. Moreover, approximately 85% of the so-called "unencapsulated" strains of S. aureus were shown to produce capsular antigen and, by the fluorescent antibody technique, that 83% were of capsular type A or B or both (Harasawa et al., 1975) . In the experiments reported here 64 out of 100 human sera passively protected mice later challenged with a fatal strain of capsular type A or B or both. Protective antibodies against a capsular type-A strain occurred 20 times more frequently than against a capsular type-B strain. Only one of the sera passively protected mice against challenge with both capsular types. Protective antibodies against capsular types C and D were not studied in these experiments because they have been found to occur too infrequently.
DISCUSSION
Regarding the nature of protective antibody, Yoshida and Ekstedt (1 968) and Ekstedt and Yoshida (1969) noted that in mice passive protective antibody against the Smith diffuse strain was associated with the IgM fraction of rabbit and mouse antisera. Recently, Yocum et al. (1976) reported recurrent staphylococcal pyoderma in two patients with IgM deficiency, suggesting that protective antibody in human sera against S. aureus strains could be in the IgM fraction. In our experiments (table 11) passive protective activity of human serum in mice was 2-mercaptoethanol sensitive and could also be removed by treatment with appropriate amounts of rabbit anti-IgG, anti-IgA or anti-IgM sera. Absorption of protective human sera with SSA (table IV) decreased the serum IgG, IgA and IgM content by 65%, 5.4% and 8.1% respectively. However, absorption of non-protective sera with SSA produced less fall in the IgG, IgA and IgM content than was the case with protective serum (table IV) . This finding supports the view that IgM antibodies to the S. aureus capsular antigen play a part in protection (Ekstedt and Yoshida, 1969; Yocum et al., 19764 Yoshida, 19723) .
SUMMARY
The occurrence and nature of passive protective antibody in 100 samples of human serum was investigated in mice challenged with strains of Staphylococcus aureus capsular types A (Smith diffuse strain) and B (strain NS58D). Sixty of the sera passively protected mice against the capsular type-A strain, three against type B, and one against both types. Rabbit antisera against human IgG, IgA and IgM could remove the protective activity from a human serum of high potency, and the activity was also sensitive to 2-mercaptoethanol. Absorption with Smith surface antigen removed protective activity and reduced the concentration of IgG 7-fold, IgA 2.7 fold and of IgM 3-fold more than in a non-protective serum. Consequently, the protective activity of human serum is believed to be associated with antibodies to the S. aureus capsular antigen in the three immunoglobulin classes.
